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(54) Metiiod for Instainng a scrolled resilient sheet alongside tlie Inner surface of a fluid condutt 

(57) A ecroOed resilient sheet (3) is instafled against 
the Inner surite (4) of a fluid conduit (1) using a carrier 
tod (5) from which a resilient sheet having an average 
thidotess more than 2 mm and an elastic or pseudoe- 
lastic recoveratiie straoi of at least 0.6% is released so 
that the sheet expands with an expansion forse which is 
sufficienlty high to alow the sheet to press itseH into 
place alongside the inner surface of the conduit and to 
remain in place after installation. 
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Description 

packground d the Invefifon 

[0001] The inveritk)n relates to a mettiod for 

a saoned resilient sheet alongside the inner surface of 

afluidoonduK. 

(0002] tt is known from US patent specTications 
4.501 ,327 and 5.040.283 to scrofl a sheet around a car- 
rier tool and then nwe the carrier tool canTtng the 
scfoOed sheet through the conduit towards a kxation 
where the resilient sheet is to be in^led. whereupon 
the sheet Is released from the carrier tool and anowed to 
exptftd towafds the inner surface of the conduit 
(0003] US patent specTication 5.040^ enploys a 
sheet made of a memory metal whk:h e)q>ands as a 
result of a temperature increasa A drawback of this 
method is that memory metals are expensive and are 
not reacfiy avalable in large sheets. 
[0004] US patent specification 4.501 .327 cfisctoses 
the use of spring steel or alunMum as a resilient mate- 
rid, which materials have an elastk: strain which is 
0.55% or less (OM for ahm«nhm4 and that a suitable 
thk:kness lor the sheet material is appronrnately 3/64 
inch (- 1.2 mm). 

(000$1 In this known method ihe resient material is 
pressed against the wail of the conduit when the carrier 
tool is pulled back through the expanded she^. 
[0006] Drawbacks of this known method are that a rel- 
atively Itiin sheet material is used whfch can t>e easily 
danttged and which has a resiliency whk:h is only suff i- 
dent to unscroR the sheet but whk^ does not induce the 
sheet to press Hself into place atongside the inner wall 
of the conduit so that a final pressing step is stai 
required. 

[0007] his believed that the tow wan thfckness of the 
known aluminium or spring steel sheets and the rela- 
tively tow expanston force are associated with the low 
elastic strain capacity of the materials used. 
[0008] It is an object of the present inventton to efirri- 
nate these drawbacks and to provkSe a method for 
instaling a scroBed resilient sheet atongside the inner 
surfaceof afluid conduit whtoh allows the use Ola rela- 
tively thtok and robust sheet whtoh is not easfly dam- 
aged after instaRatton and whtoh does not require the 
step of pressing the sheet atongskle the wall of the con- 
duit t>y means of an expanskm tool. 

Summary of the tnventton 



lation and to remain in place after installation. 
[001 0] When used in this specH icatton the term elastic 
strain refers to the yield stress-\bung*s moAjlus ratio for 
materials which have a yieto point &Ke many carbon 
5 steels have, or the proof 5tress->bung's modulus ratio 
for materials which do not have a yield point If the elas- 
tic strain Is e)«)ressed as a percentage then sakf ratio's 
are to be multiplied by a factor of 100. 
[QOll] Preferably tite resilient sheet has an average 
10 wan thickness of at least 3 mm and is made of a titanium 
altoy having an elastic modulus not more than 115.000 
MPa and a proof stress of at least 825 MPa. so that the 
elastic strain is rrxxe than 0.75%. 
[0012] It is also prefened that the resilient sheet mate- 
rs rial has an average waDthtokness of at least 4 mm and 
ismadeofaTt^GAMValloy. 
10013] The sheet miy be a rectangUar sheet without 
perorations whtoh Is used to provkiea seal or a patch of 
an area where the wa9 of tiie conduit has been rup- 
20 tured. damaged or eroded. Alternatively the fhjid con- 
diit is fonned by an Inftow region of a hydrocarbon 
productton wen and the sheet is perforated at re^jlar 
intenmls and is instaUed alongside the inner surface of 
ttie weObore to serve as a wellscreen. 
2S 19014] If the sheet is to be scroHed to a very snrall 
(fiameter. for cDcample H it is to be moved through con- 
strictions in the conduit then it can be beneftoial to use 
a pseudoelastto aBoy as sheet material. Suitable pseu- 
doelastic aRoys are Tt-16V-3AI-6Zi' and TiNi. 

30 

Briftf Pfffrgflf^ Drawinos 

[0015] These and further features, otsjects and advan- 
tages of the method according to the tnventton ¥vilt be 
35 more fully appreciated by reference to the foUowing 
delaHed description of a preferred embodiment of tiie 
invention which should be read In oorijunctton with ttie 
accompanying drawings in whtoh: 

40 Fig. lis a schematic Side elevational view of a resil- 
ient sheet whtoh is behg placed inside a conduH in 
tiie fom) of a vertical underground baehde; and 
Flg.2isasidevtewof anunscroBedresiSent sheet 
whtoh comprises circumferiential sicts so that the 

45 sheetcanbeusedasawellsaeea 

(?fllai!ffit PiffiCT T*'"" Prflfarrwd giwhndiment 
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[0009] Toward provMing these and otiier advantages 
the mettiod acooRfing to tfie present invention emptoys 
a resilient sheet whtoh has an average was thtokness of 
at toast 2 mm and an elastic or pseudodastic recovera- 
ble strain of at least 0.6% so as to induce the scrolled 55 
sheet to expand witii an expanston fcjrce wtiich is suffi- 
dentiy high to allow tiie sheet to press itself into place 
aton^e tiie inner surface of tiie conduit during instal- 



[0016] Referring now to Fig. Ititere is shown a vertical 
wetftx}re 1 traversing an underground formation 2 and a 
resilient sheet 3 whtoh is unsaoOing itself against tiie 
walUofthe welborel. 

[QOITJ The Sheet 3 has been towered into tiie weltwre 
1 using a carrier tool 5 whtoh is suspended on a wireline 

6. 

[0018] The carrier tool 5 and wireline 6 are shown In 
tiie drawing in dotted lines. 

[001 9] Before towering the carrier tool 5 into the wett- 
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bore 1 the 6heet3 is saolled around the tool 5 and fixed 
to the toot 5 using tack welds and/or dips. When the tool 
has arrived at the location where the sheet 3 is to tie 
installed the tack andfer are released, for 
exanple using explosive devices which shear off the 
tack welds and/or dips. 

[0020] The resilient sheet 3 has a thickness of at least 
2 mm and an elastic strain of at least 0.6% which allows 
the sheet to devetop a Ngh expanskyi force so that it 
expands arid presses itself into place against the wall 4 
of the welfoae 1 and to remain in place after InslaBalfon 
even If the pore pressure of the sunouncfingformatfon 2 
is higher than the fluid pressure witNn the weibore 1 . 
[0021] When seen in circumferential dlredkm. the 
ends of the resaient sheet 3 form flaps 7 where the 
sheets has a reduced wan thidoiess. The circurnferen- 
tial length of the sheet 3 will be chosen sfightly larger 
than ttie droumforence of the waft 4 of the weObore 1 
such that the f tape 7 win at least partly overiap if the 
resilient sheets has been e)9)anded against said waO 4. 
Thus the flaps 7 ¥vil create a shut-off for leaks and win 
aeote a smooth and ainrK>st seamless internal bore of 
the expanded sheet 3. To improve the sealing a further 
sleeve (not shown) of cellular rubber may be ^ced out- 
side the outer flap 7. This sleeve should be bonded 
atong an axial line, but not around the circumference of 
the fl4> 7. This is because the niiber has to str^ on 
unscroOing. and must therefore sfide over the flap 7 
which does not stretch. The Interface may be fobricated. 
[QQ22] In the assenrtsly shown in Fig. 1 the flaps 7 are 
not taken into account for detenrinatfon of the overage 
wan thickness of the sheet 3. In aocoidance with the 
inventfon the average wafl thkdmss d the sheet 3 is at 
least 2 mm whereas the waU thkiviess of the flaps 7 
may be less than 2 nvn. Thus, when used in this sped- 
fk»tfon. the term average wall thk^ness of the sheet 
denotes the waR thkkness of any parts of the sheet 3 
other than the flaps 7 and locations where ttie sheet 3 is 
peiforated. 

[0023] The maxinvm average waU thickness T of a 
sheet 3 that win fully elasticiaiy unscron can be esti- 
mated on the basis of the fonnula: 



T/d-T/D<Y/E 



where: 

d« 

D< 
Y. 



the scroHed diameter of the sheet 

the relaxed diameter of the sheet 

the yield or proof stress of the sheet material: 

and 

the elastic modulus of the sheet material 



[0024] By virtue of its high elastic strain, viz. at least 
0.6% resulting from the combinatkm d low elastic or 
Young's moddus (preferably not more than 115.000 
MPe) and high proof stress (preferably at least 825 
MPa) the sheet according to the Inventkan can have 



larger wall thickness than conventkxial resilients 
sheets. Titaniiffn alloys having an elastic modulus less 
than 150.000 MPa are partk^ularty sdtable for use in the 
sheet according to the inventfon. A Tt anoy grade 5 

5 sheet having an average wan thickness of 4 ram can be 
used for a r (1 7.5 mm) casing repair. A ri-22V-4AI aHcy 
sheet havingandasticnx)dulusof82MPeiandthermo* 
mechank^ally processed to achieve a proof stress of 720 
MPa or greater can be used lor the same repair with an 

10 average wafl thkilatess of 5 mm. 

[0029 Further, some metastable beta-titanium anpys 
such as ri-16V-3Ai-eZr with appropriate thermome- 
chanical processing exhfoit pseudodastk^ to an 
extent that would permit an average watt thkitoiess 

IS t>etween 11 and 13 mm. TiNi would perrhft even greater 
wafl ttvcknes& These pseudodastic aHoys can also be 
used to permit scrdfing to a smaller diameter when the 
sheet has an average wall tNdoiess of several nrvKme- 
tres to alfow installation through constrkitfons. such as 

20 ihrough-tubkig operatfons in an on or gas productfon 

won. 

100261 The large average waHthk;knes8 Of the Sheet 3 
is not ortly useful for creating a robust scroB but also for 
enhancing the spring force with which the sheet 3 
25 unscrdls and presses Hsdf against the wdl 4 of the 
wdfoorel. 

[0027] Referring now to Rg. 2 there is shown a view 
of an unscroOed sheet according to the Inventfon where 
the sheet forms a wafl saeen 10 which contains efon- 

30 gate drcumforential dots 11 that are arranged in sifo- 
stantially paraUd rows both axiatty and ctrcunfereritialiy 
across the screen 1 0. with no stagger between the rcNtfs 
of stotsw The perior al ten s are also tapered (not shown) 
in racfol directton so thai the smallest wkflh of ttie perfo- 

35 ratfons is focated at the outer surface of the sheet wtien 
the sheet is saoned. 

10028] The tapered shape of the slots 11 serves to 
avoid that sand partides which may enter the dots 11 
ooufo become stuck partway in the dots 11. 

40 B)0291 Circumferential unstaggered dots 11 are pre- 
ferred to hdea or noihcircumlerenlid dots because the 
operation of scrdSng and unscrdfing can be performed 
with minimal stress ooncentratfone In the screen mate- 
rial. wh9 e retaining maximum spring force, strength and 

45 stiffness. 

[0O3O] The srrdled wdlsaeen shown in Fig. 2 can 
also be covered, preferably at the outer surface, with fil- 
ter material. Optfonally the filter materid can be sepa- 
rated from the surface of the saeen 10 by a drainage 
so layer, for example coarse woven wire, so that the fluid 
passing through the filter layer not immediate oppodte a 
dot 11 in the scrdi can ftow to the dot 11 through the 
drainage layer. 

[0031] The filter and drainage layers can be made of 
55 scrolled sheets of filter and drainage material which sur- 
round the screen 10. The sheets of the screen 10 and of 
the filter and drainage layers can be pravkied with end 
flaps where the sheet has reduced thkAness in the 
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same way as shown in Rg. 1 in oider to aeate a seam- 
less screen when the assembly of the screen 10 and 
surrouKfir^ fSter and drainage layeis unscroOs itself 
against the weflbore or perldrated production finer. The 
weOscreen can thus press itseK (firectly aganist the welt- 
t>ore or perforated production liner, without an interven- 
ing annufus, thus obviating the need for gravel packing, 
thereby reducing the risk of erosfon and stabilizing the 
formation. 

10032] If desired, the Gvertapping ends of the sheet or 
screen n«y be maintained In a f ixed position relative to 
each olher once the sheet has been expanded and 
installed wHNn the conduft or weHbora This may be 
achieved by weUtng or boncfing the ends to each other, 
or by providing the overtapping ends with axial tocking 
grooves or with ratchet profies that aikw unsaoUing but 
preiwit re^scroling of the sheet or screen. 

Claifns 

1. A method for instating a scrolled resilient sheet 
alongside the inner surface of a fhid conduit, the 
method oompristng the steps of: 

- saoBIng the resBient sheet and securing the 
scrofled sheet to a carrier tool such that the 
carrier tool carrying the scioHed sheet can be 
moved through the conduit 

- moving the carrier tool to a k)cation in the con- 
duit where the resOiant sheet is to be installed; 
and 

- releasing the resilient sheet from the carrier 
tool thereby allowing the resilient sheet to 
eo^Muid towards the inrter surface of the con- 
duit 

wherein the resi&ent sheet has an average wall 
tNctaiessofatleastammandan elastfostrainora 
pseudoelastic recoverable strain of at least 0.6% so 
as to induce the scroOed sheet to expand with an 
expansfon force which is sufficiently high to attow 
the sheet to press itself into plaoe atongside the 
inner surface of the conduit during installation and 
to remain in place after installatfon. 

2. The method of daiml.whwein the resilient sheet 
has an average wan thickness of at least 3 mm and 
is made of a titanium alloy having an elastic modu- 
lus not more than 1 1 5.000 MPa and a proof stress 
of at least 825 MPa. 



vals and is installed alongside the inner surface of 
the welfoore to serve as a wettscreen. 

5. The method of daim 4. wherein the perforations 
5 consist of efongate circumferential stots which are 
arranged in substantially paraHel rows both axially 
and drcumferentiaQy across the sheet, with no 
stagger between tfie rows of skits. 

10 6. The method of daim 4. wherein the perforations are 
tapered in radial direction such that the smallest 
width of the perforatfons is located at the outer sur- 
face of the scroBed resifient sheet. 

15 7. The method of daim 1. wherein the resilient sheet 
has a thkioiess of at least 5 mm and is made of a 
pseudoelastfoaloy. 

8. The method of daim 7. wherein the aky is sokition- 
20 treated Ti-16V-3AK6Zr. 

9. The method of daim 7. wherein the altay is TihK. 



3. The method of daim 2. wherein the resilient sheet 
material has an average wall thickness of at least 4 

mm and is made of a Ti-6A1-4V altoy. 

4. The method of daim 1 . wherein the fluid conduit is 
formed by an inftow region of hydrocarbon procfoc- 
tion well and the sheet is perforated at regular inter- 
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